An audit of the incidence, causes and outcome of perioperative cardiac arrest was conducted in a university hospital in Pakistan. All perioperative cardiac arrests from induction of anaesthesia to post anaesthesia care unit discharge or intensive care unit admission during noncardiac surgery, from January 1992 to December 2006 were included. Patients' demographic information, physical status and type of surgery and anaesthesia were noted. Outcome variables were noted as immediate survival and survival to discharge. Anaesthesia-related cardiac arrests were identified and their causes analysed. Forty-two cardiac arrests occurred among 140,384 patients. Overall frequency was 2.99 per 10,000 (95% confidence interval: 2.90 to 3.08). Twenty-four (3.77/10,000) were females. Thirty-four (13.59/10,000) patients were ASA physical status III to V, 10 (4.95/10,000) were children and 14 (4.28/10,000) above 60 years. Sixteen patients (6.48/10,000) were undergoing emergency surgery. Anaesthesia was deemed primarily responsible in nine cases (0.64/10,000). The causes of anaesthesia-related arrests were medication related (4), airway related (3), massive air embolism (1) and under-replacement of fluids (1). The event was considered to be avoidable in 26 cases. Seventeen patients died during the arrest, 15 survived more than one hour and 10 were discharged home. The number of perioperative cardiac arrests and their mortality was higher in patients with poor physical status and in emergency surgery. The number was also higher in infants, patients above 60 and females. The majority of the cases were considered avoidable, indicating the importance of prevention strategies.
Analysis of anaesthesia-related complications is important to identify the preventable causes and to make prevention strategies. Cardiac arrest during the perioperative period has been used as an indicator of quality of anaesthetic care 1 . Studies performed in various parts of the world have examined perioperative cardiac arrest [2] [3] [4] [5] [6] [7] , with the main aim of improving quality. Most of these studies are not directly comparable due to differences in methodology, including the surgical population, type of anaesthesia, definition of perioperative period etc. Despite these differences in methodology, sharing such data from different centres and from different parts of the world may be informative.
To the best of the authors' knowledge, no published data on incidence and causes of perioperative cardiac arrest is available from Pakistan and other parts of Southeast Asia. There has been only one report on anaesthetic contributions to perioperative deaths within 24 hours of anaesthesia 8 . In this article we report an audit of all cardiac arrests that occurred during non-cardiac surgery from the time of induction of anaesthesia to post anaesthesia care unit (PACU) discharge or intensive care unit (ICU) admission, in a tertiary care university hospital of a developing Southeast Asian country over a 15-year period.
MATERIALS AND METHODS
After obtaining approval from our institutional ethical review committee, we analysed all reported perioperative cardiac arrests occurring in patients undergoing noncardiac surgery at the Aga Khan University Hospital from January 1, 1992 to December 31, 2006. All anaesthesia-related morbidity and mortality is routinely discussed in our departmental meetings held once a month. Cases were identified from the records of these meetings. A comprehensive form was developed and was filled in after going through the departmental files and patient's medical records.
PerioPerative arrests in a teaching hosPital
Anaesthesia and Intensive Care, Vol. 36, No. 5, September 2008 The Aga Khan University Hospital is a 500bed teaching hospital which caters for patients in the southern part of the country. The anaesthesia department provides an average of 10,000 anaesthetics per year for paediatric, vascular, orthopaedic, general, neurosurgery, ear-nose-throat surgery, urology, gynaecology and plastic surgery. Anaesthesia services are also provided in the day care and obstetrics units. All operating rooms (OR) are equipped with the American Society of Anesthesiologists (ASA) recommended standards of monitoring. There is a 13-bed PACU adjacent to the main OR, while day care and obstetrics units have their own PACUs. Anaesthesia services are also provided for electroconvulsive therapy and radiology procedures and data from these patients were included.
All anaesthesia-related morbidity is reported to two assigned anaesthesia consultants who also obtain feedback from other sources, e.g. recovery room staff, anaesthesia residents and technicians, to ensure that all events are reported. A form is filled out including patient's demographic information, preoperative condition, ASA physical status, seniority level of anaesthetist, type of surgery and sequence of events. This system has been in place since 1992. All these cases are discussed in depth at a monthly morbidity and mortality meeting. Two independent consultants not involved in the management of the patient give their written opinion regarding the possible cause of arrest, role of anaesthesia in the morbidity and whether it was avoidable. For the purpose of the audit, cardiac arrest was defined as an event that required cardiopulmonary resuscitation which included closed chest cardiac compressions. The perioperative period was defined as the time starting from the induction of anaesthesia to PACU discharge or ICU admission. This time period was specified because we planned to specifically analyse the arrests during the period when the patient is under the direct care of the anaesthesia team. Cardiac arrests that occurred during cardiac surgery were not included in this audit as cardiac surgical services started at our hospital in 1998 with one surgeon and have expanded gradually over the years.
Patient-related factors recorded were age, gender and preoperative ASA physical status. Variables related to surgery included surgical specialty and the type of surgery (open, laparoscopic, closed). Anaesthesia-related factors included the type of anaesthesia, monitoring used and senior-most anaesthetist present at the time of arrest. The main outcome variable looked at was survival to discharge from the hospital, while survival for more than one hour after initial resuscitation was also noted. We also compared the data between two periods, 1992 to 1999 and 2000 to 2006 to look for any changes in the trends of perioperative cardiac arrest, as expansion of anaesthetic services had taken place in the year 2000 with an additional operating room opening up both in the main OR suite and the day care unit and routine provision of monitored anaesthesia care outside the OR becoming functional. Most of the information could be retrieved from the departmental "morbidity and mortality" file. In addition, patients' medical records were reviewed to fill out any missing data.
Statistical analysis
This study was part of the ongoing quality assurance activity of our department. The overall incidence of cardiac arrest was calculated per 10,000 cases with 95% confidence intervals (CI). Incidence related to demographic and clinical variables was calculated in a similar way. Outcome in terms of death and survival to discharge was calculated as actual numbers for the different demographic variables.
RESULTS
Over the 15 years of the audit, 140,384 patients received anaesthetic care for various forms of noncardiac surgery at our university hospital. A total of 42 cardiac arrests occurred during the period from start of induction to PACU discharge or ICU admission. The overall incidence was 2.99 per 10,000 cases (95% CI: 2.90 to 3.08). Seventeen (40.5%) patients died during the arrest, 15 (35.7%) survived for more than one hour but died later in the hospital and 10 (23.8%) were discharged home. Incidence in terms of age, gender, urgency of surgery, ASA status and type of anaesthesia is given in Table 1 , along with the outcome in terms of death and survival to discharge. There was no survival to discharge in patients falling into ASA physical status classification of IV and V ( Table 2) .
Thirty-four patients were undergoing open surgery, two were undergoing laparoscopic surgery and three were having endoscopic procedures. The remaining three were having closed procedures such as magnetic resonance imaging or electroconvulsive therapy. Twenty-five arrests occurred during the routine working hours of 0800 to 1700 hours, 12 occurred between 1700 hours and midnight and five between midnight and 0800 hours. Among those who arrested during routine working hours, eight survived to hospital discharge, whereas only two out of the 17 patients who suffered cardiac arrest after the routine working hours survived to discharge. Twenty-two patients were being monitored noninvasively (electrocardiogram, peripheral oxygen saturation, non-invasive blood pressure and end-tidal carbon dioxide) and invasive monitoring was being used in 20 patients (intra-arterial and central venous pressures). A record of core temperature was available in eight patients, out of whom four were hypothermic (<35°C), three were normothermic (36 to 37°C) and one had a temperature of 39°C.
Twenty cases of arrest occurred between 1992 and 1999 (3.33/10,000), of which four survived to hospital discharge. During the years 2000 to 2006, 22 patients arrested (2.73/10,000), of whom six were discharged. Cardiac arrests were deemed primarily anaesthesia-related in nine cases (0.64/10,000). The patient's primary condition was considered the main cause in 16 patients (1.13/10000), haemorrhage in seven (0.5/10000) and surgical complication in two patients (0.14/10,000). Anaesthesia was considered contributory to the event in eight patients (0.56/10000). The cause of primarily anaesthesiarelated arrests was medication-related in four cases, airway-related in three cases, massive air embolism in one and under-replacement of fluids in one ( Table  3 ). Six of the nine patients with anaesthesia-related cardiac arrests were discharged home. There were no survivors in those who arrested after massive haemorrhage (0/7) or mainly surgical reasons (0/2). There was one survival to discharge in arrests due to the patient's primary condition and three of the eight patients in whom anaesthesia was judged to be a contributory factor survived to hospital A consultant anaesthetist was present in 30 cases at the time of the arrest and a resident of different levels in 12 cases. Seven of the 30 patients where the consultant was present survived and three of the 12 survived when an anaesthesia resident was the anaesthesiologist present. Eight arrests occurred at induction of anaesthesia, 16 during maintenance, five at emergence, two during shifting to PACU and 10 during the PACU stay. The timing was not documented for one patient.
DISCUSSION
Anaesthesia routinely involves intensive supervision of patients' vital signs. Thus, intraoperative cardiac arrest is likely to be diagnosed much earlier than that occurring in other situations, permitting prompt initiation of management. It is reasonable to believe that survival after cardiac arrest would be improved with quick diagnosis and prompt management. Over the 15 years of our audit, 42 perioperative cardiac arrests occurred in 140,384 non-cardiac anaesthetic cases (2.99 / 10,000) in a university teaching hospital serving as a tertiary referral centre. An important implication of our results is that there is a small number of arrests over a long period of time, but when we consider the results of other studies done on perioperative cardiac arrests, the reported overall incidence is 2.36 to 23.09 / 10,000 anaesthetics 2,3 , which is comparable to our results. The incidence of primarily anaesthesia-related cardiac arrests and mortality, 0.64 / 10,000 and 0.21 per 10,000 cases respectively, is also comparable with other such studies, 0.50 to 2.10 / 10,000 anaesthetics for cardiac arrests 2,6,9-11 and 0.12 to 1.40 / 10,000 anaesthetics 2,6,9,12 for mortality. Some of the authors have included a much larger overall number 10, 13 , and the time spans studied range from three to 18 years 2,4,7,10,11 .
The higher incidence of cardiac arrest seen in males in other studies 2, 9 was not reproduced in ours where the incidence was higher in females (3.77/10,000 vs. 2.35/10,000). We do not have an effective primary and secondary health care system, which results in tertiary care hospitals dealing with poorly optimised sick patients. Added to this is our social system in which most women are dependent upon men to seek medical help and this often leads to their disease being well advanced at the time of presentation. As seen in other studies 2,9 , a better survival to discharge in females was also reproduced in our results (29.1% vs. 16.6% in males). Our audit demonstrated a higher incidence of cardiac arrests in patients of ASA physical status III to V and there was no survival to discharge in patients with ASA physical status classification of IV or V. This has been demonstrated in other studies 2, 9, 12 . ASA physical status, along with emergency surgery, has been termed an important predictive factor of mortality after cardiac arrest 2, 12 . The highest number of cardiac arrests in the paediatric patients was observed in children under one year (6/10). This has been noted by other authors 2, 4, 6, 9, 11, 12 . A recent study by Flick and colleagues 4 found that the incidence of cardiac arrest in children undergoing non-cardiac procedures was very high for neonates (39.4 / 10,000) and much lower for all other age groups. They have concluded that children older than one year do not seem to be at increased risk of perioperative cardiac arrest compared with adults. Advanced age has also been seen to increase the risk of cardiac arrest during anaesthesia 2,6,9 . In our results too, the highest incidence was found in patients over 60 years (4.28/10,000) compared to those between 40 to 60 (2.39/10,000) and 18 to 40 years (1.76/10,000). Emergency surgery has been reported as a risk factor for anaesthesia-related cardiac arrest 2, 9, 12 . This was also reproduced in our study (6.48/10,000 vs. 2.25/10,000 in elective surgery). The reason for this may well be a lack of appropriate preoperative optimisation in patients presenting for emergency surgeries. Similar to other studies 2,12 , survival was better in patients who underwent elective surgery. A large majority of patients (34/42) were having open surgical procedures at the time of arrest. The reason for this, most probably, is that laparoscopic surgeries, although performed routinely at our centre, are mostly limited to simple gynaecological procedures and laparoscopic cholecystectomies. Therefore most patients having these procedures fall into ASA physical status of I to III. The overall number of other types of procedures was too small to enable further analysis or comments.
The incidence of cardiac arrest was found to be slightly higher in neuraxial anaesthesia (3.73/10,000) compared to general anaesthesia (2.98/10,000). As the number of procedures performed under neuraxial anaesthesia were very small, it would not be appropriate to comment on this finding, but the higher incidence seems to be different when compared to other authors who have found a greater incidence of perioperative cardiac arrests in patients receiving general anaesthesia 2,3 . The reason for this could be that many high risk orthopaedic, urological and lower abdominal surgeries are performed under neuraxial anaesthesia at our centre. Added to this is the ineffective primary and secondary health care system resulting in tertiary care hospitals dealing with poorly optimised sick patients presenting in advanced stages of disease requiring urgent surgery. Kopp et al 5 have observed that cardiac arrest during neuraxial anaesthesia is associated with an equal or better likelihood of survival than that during general anaesthesia. No arrests were observed during nerve plexus blocks, which has also been observed by other authors 2,6 , the reason suggested being the low likelihood of major cardiovascular and respiratory changes during plexus block. Our finding of a better survival during routine working hours was also seen by Sprung and colleagues 3 . Increased availability of personnel and a more comprehensive response could well be the reason for this. The overall incidence of perioperative cardiac arrest showed a slightly declining trend when the data were divided into two periods, 1992 to 1999 and 2000 to 2006. The monitoring and reporting of critical incidents has improved considerably in recent years at our institution and a decreasing trend despite better reporting is an encouraging sign, hopefully indicating improved perioperative management. Sprung and colleagues 3 found a declining incidence over time in a single centre study, although they were not able to identify the factors responsible for this trend. Olsson and Hallen 13 also reported a declining incidence over time.
Six out of the nine patients with primarily anaesthesia-related arrests survived to discharge. Sprung and colleagues 3 found a 79.2% hospital survival after cardiac arrests attributable primarily to anaesthesia, whereas Newland et al 9 reported 80% mortality after such arrests. The cause of anaesthesia-related arrests ( Table 3 ) was medicationrelated in four cases and airway-related in three cases. Braz et al 2 reported that 44.4% of the arrests were medication-related and 55.6% were due to respiratory causes and Sprung and colleagues 3 found that 21% of the arrests were caused by airway misadventures and 54% were attributed to medication. In our study, as also seen by Braz et al 2 , the predominant mechanism in medicationrelated cardiac arrests was cardiovascular depression, whereas the events were mainly related to neuromuscular blocking drugs in Sprung and colleagues' study 3 . They suggest that practice-specific factors may be important determinants of primarily anaesthesia attributable cardiac arrests. Surgical specialty and phase of anaesthesia at the time of arrest were documented during data collection, but the small number of cases precluded further analysis and comments. Twenty-six of the 42 arrests at our centre were considered to be preventable. It is well accepted that inadequate preoperative preparation is a prominent contributing factor to adverse outcome 6, 14 . Preventable factors associated with poor outcomes include faulty anaesthetic technique 14 , inadequate monitoring, postoperative respiratory and circulatory failure 14 and inadequate postoperative care 14 . Olsson and Hallen 13 have concluded that inadequate preoperative assessment, failure in the application of existing knowledge and neglecting to consult more experienced colleagues are the most important avoidable causes of intraoperative cardiac arrests.
Before concluding, it is important to highlight some of the limitations of this audit. Although our department has collected data prospectively for all morbidities since 1992, some data were missing in the department files and had to be retrieved from patients' medical records. The completeness of the information obtained was limited by the amount of documentation available in old medical records. The small number of cases prevented the application of statistical tests for univariate and multivariate analyses. A very narrow window of time, from the induction of anaesthesia to PACU discharge or ICU admission, was considered in this audit. We specified this period because we wanted to analyse the arrests during the time when the patient is under the direct care of the anaesthesia team, i.e. the anaesthetist has immediate control on the situation. Many anaesthetic complications, including anaesthesia-related cardiac arrests and mortality, are likely to occur in the time immediately following this period.
Most authors who have reported on anaesthesiarelated cardiac arrests and anaesthesia mortality have studied a much longer duration of time, usually up to 24 hours after the end of surgery or longer 2, 4, 6, 8 . Therefore our use of the term 'anaesthesia-related' cardiac arrests and mortality does not correlate with the usually accepted definition of anaesthesia-related complications and we cannot claim that our results portray the true incidence of anaesthesia-related cardiac arrests and mortality at our centre. Our results are also not directly comparable to most other studies because of this difference in methodology, although Sprung and colleagues 3 have defined a similar time period.
There are also limitations regarding the applicability of results to other settings. In a developing country like ours, there is limited availability of some anaesthetic and resuscitation drugs, while these and standard monitoring equipment are lacking in many centres. In contrast, ours is a private university hospital with adequate facilities and the ASA recommended standards for intraoperative monitoring are adhered to at all areas of anaesthesia provision. Therefore our results would not be directly comparable to similar studies done in most other centres of our country. Despite the fact that the coordinators of morbidity and mortality meetings are very vigilant in collecting information regarding all perioperative morbidities, there is a possibility that some events were missed, leading to an underestimation of the incidence. Nevertheless, we believe that adherence to methodology in a single centre is a strength of this study.
In summary, as expected, our incidence of perioperative cardiac arrests was higher in patients with poor physical status undergoing emergency surgery. It was also higher in infants, patients above 60 years of age and in females. Anaesthesia-related cardiac arrests were mainly due to medication and airway-related causes. The majority of the cases were considered avoidable, indicating the importance of prevention strategies.
